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A SPACE STATION STRUCTURES AND ASSEMBLY 
VERIFICATION EXPERIMENT - SAVE 


INTRODUCTION 

* 


The Space Station structure has been baselined to be a 5 M (16.4 ft) 
erectable truss. This structure will provide the overall framework to attach 
laboratory modules and other systems, subsystems and utilities. The assembly 
of this structure represents a formidable EVA challenge. To validate this capability 
the Space Station Structures/Dynamics Technical Integration Panel (TIP) met on 
February 12 and 13, 1986 to develop the necessary data for an integrated STS 
structures flight experiment. As a result of this meeting, the Langley Research 
Center initiated a joint Langley/Boeing Aerospace Company study which supported 
the structures/dynamics TIP in developing the preliminary definition and design 
of a 5 M erectable space station truss and the resources required for a proposed 
flight experiment. 

The purpose of the study was to: (1 ) Devise methods of truss assembly by 
astronauts; (2) define a specific test matrix for dynamic characterization; (3) identify 
instrumentation and data system requirements; (4) determine the power, 
propulsion and control requirements for the truss on-orbit for 3 years; (5) study 
the packaging of the experiment in the orbiter cargo bay; (6) prepare a preliminary 
cost estimate and schedule for the experiment; and (7) provide a list of potential 
follow-on experiments using the structure as a free flyer. 

This report presents the results of this three month study conducted jointly 
by the Langley Research Center and the Boeing Aerospace Company. 
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Both internal and external truss drive mechanisms were considered. The external drive mechanism 
was selected based on lessons learned in studies of the MRMS drive system. 
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Truss Translation 



DESIGN EVOLUTION (cont'd) 
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Structures and Assembly Verification Experiment 

(SAVE) 

Baseline Design Description 



X 24442 QR IG 9/84 




EXPERIMENT PACKAGING ARRANGEMENT 
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•No time alio ted to EMU status checks or breaks. 

• EVA translation velocity = .24 m/s (.8 fps) 

• Shuttle RMS power up, checkout, and translation times not 
charged to EVA. 
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TEST INSTRUMENTATION 


'5 ® £ j C ,2 3 S 

2 5~* <a *«2-2 


c- CO 


Cd 

X 


© 


03 

O 

S3 P 


c ° CO 

© *0 "O o ^ 

3 § uai - 

I . 51^1 * § 

I I . 3 g -3 £ £ S 

3 S 2 u St i ff 

9* o 2 ® 2 o I 

3 «*! *2 » 3 2 

o « ~ £ 5 £ " 


© 

£ 


© 


0) 

-C 


CO 

c 


© _ 

3 « .2 -g 

bo © 2 


gc ® 
.2 Sf-o 

1 «‘ S " 


*- CO 


.2° So * =a ^ « 

3 2 Ed *± w 

— eft -tt. as 


. .sp.8 


© 

& 

CL 


© 


© sz 

r- *-» 


«r 

-3 © jQ © 

** c S « 

• s ieis 

| 00 oS S "3 

2 • w tt O w • : 

a) +* c afl •■"• P 

© <-» „ g 


CO firt 

3 * 
* 2 

w <u -2 
Q.-C o 

« ** 2 
o o G 


<3 ® a> ® o 
fl S 5 . 2 c 3 
c o ~ V ° ® 

5A srta* 

2 8 •§ « -° * 

c o « > 

® c g ® 


© 
^ 03 

CO © 

0) 

3 © 
cd — 


u 
TO *-* 
© 2 
as 

k * 
8.-55 
o g? 
22 


© (4 

5- © 

co •»« 


CO 


I® . 2*0 

1 32 * 

- 'S w £ c X <9 O 

^Sx-ls® 

C CO > .2 g o o 
« w i 2 

— .. <0 *o 

S ^3 w >» © ad C 

,2 j) w O J; o 

w > t- 5 © j 
qj 5 T 3 O * ^ 

3 M ©*« i 2 

*3 3 15 - © -d 

“ 8 - .i 

£2 = £ 
a) © 
co A) 5 
© W 8_ w XJ 


s a 


x 

<u 


w « 


C .- 

.2 15 


© 

CO -C 
fi- *-» CO 
© 


© 
s 

O 

tx 

§3 

cd 4 ) 

o 


© 

3 u 

© 

© % 
L- 5 


3 

tx 

W 

© 

-C 


CO 


03 

© 

O 


© 

■C 


© 
E 
© 2 
2 © 


•a © 

CL 

3 ^ 
O O 

© 

o 


© r 
© *2 
so 

2 o 


o 

© 

© 

<0 

T3 

u 

03 

5 


c u © 

lilts 


v 


H 2 


8 i 
© 3 


© 

£ 


c jb © £ 

w ^ >t CD ^ 


120 


SAVE 





<2u,uj 

•“9oc x 

< 2*"0 

ODOffl 

Efegi 

OQH-it 


121 




VIBRATION EXCITATION SYSTEM 
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Structures and Assembly Verification Experiment 
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Vibration Excitation System 



123 


• Forces in all radial directions 



INERTIA SHAKER CANDIDATES 
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Structures and Assembly Verification Experiment 

(SAVE) 

Inertia Shaker Candidates 
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Structures and Assembly Verification Experiment 

(SAVE) 

Inertia Shaker 
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LINEAR MOTOR SHAKER 
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INSTRUMENTATION, ACCELEROMETERS 
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Structures and Assembly Verification Experiment 

(SAVE) 

Instrumentation, Accelerometers 
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Medium mass, down to 50 grams (0.1 1 lb) 

Vibration (100G) from -33?C to 66°C 
(-27° to 150°F.) temperature 



ACCELEROMETER ASSESSMENT 
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Structures and Assembly Verification Experiment 

(SAVE) 

Accelerometer Assessment 
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INDIVIDUAL TRANSDUCER CABLE CONCEPT 
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INDIVIDUAL BUS CONCEPT 
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COMMON BUS CONCEPT, TOWER STATION SIGNAL CONDITIONING 
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OPTICAL MEASUREMENT SYSTEMS 
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Dynamic tests - Laser beam optics 


PHOTOGRAMMETRY MEASUREMENT PRECISION 
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LASER BEAM GEOMETRY 
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TWO-AXIS VIBRATION MEASUREMENT OPTICS 
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SAVE FREE FLYER SPACECRAFT BUS OPTIONS 
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SAVE 0105 
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Full time gravity gradient attitude control 

Very low thrust continuous reboost 

Minimal control, communications, command, and data 



FULL TIME ACTIVE ATTITUDE CONTROL FREE FLYER CONFIGURATION - OPTION ONE 
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Command, Control, Communications, 
3 Axis Attitude Sensor, Power, 
Thruster Module 


ACTIVE REBOOST ATTITUDE CONTROL FREE FLYER CONFIGURATION - OPTION TWO 
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CC 
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Command, Control, Communications, - 
Rate Sensors, Power, Momentum Wheel, 
Thruster Module 


ACTIVE REBOOST ATTITUDE CONTROL, SPLIT BUS FREE FLYER CONFIGURATION - OPTION THREE 
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Structures and Assembly Verification Experiment 

(SAVE) 

SAVE Orbit Maintenance 
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Command, Control, Communications, 
Power, Momentum Wheel, Thrusters, 
Rate Sensors Module 



PASSIVE GRAVITY GRADIENT ATTITUDE CONTROL FREE FLYER CONFIGURATION - OPTION FOUR 
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SEMI-PASSIVE GRAVITY GRADIENT ATTITUDE CONTROL FREE FLYER CONFIGURATION - 
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SAVE FREE FLYER CONFIGURATION AND COST SUMMARY 
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Structures and Assembly Verification Experiment 

(SAVE) 

Save Free Flyer 

Configurations and Cost Summary 
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Lecomm ended Configuration 

Optional Recommended Lower Risk Configuration 




SAVE FREE FLYER COST BREAKDOWN 


:§* 
I x? *g 
£ 


QJ • 

u ^ 75 ' 

o ^ <w 
.t; ca , 

c w <w 
5 <-► t* 

| Cd hO; 

*0 ■*-» <y 

-* a £ 

d] D 

a> *j= 

U ^ w 

^ M: 

«- &-C 


> ** 
2 n c 
g £ o 
H ho w 


164 


Structures and Assembly Verification Experiment 

(SAVE) 

SAVE Free Flyer 
Costs ($M) 
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SAVE FREE FLYER IMPACT ON CONSTRUCTION 
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SAVE 




SAVE FREE FLYER RECOMMENDED CONFIGURATION 
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Structures and Assembly Verification Experiment 

(SAVE) 



Pulsed hydrazine propulsion may introduce undesirable dynamics 



SAVE FREE FLYER ALTERNATE RECOMMENDED CONFIGURATION 
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Structures and Assembly Verification Experiment 

(SAVE) 

SAVE Free Flyer 

Alternate Recommended Configuration 



FOLLOW-ON EXPERIMENTS 
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Structures and Assembly Verification Experiment 

(SAVE) 

Folio w-on Experiments 
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SOLAR DYNAMIC POWER SYSTEM 
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Structures and Assembly Verification Experiment 

(SAVE) 

Follow-on Experiments 
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• Operating Power and Thermal Control 
Provided by Experiment. 



THERMAL CONTROL FLOW SYSTEM 
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Structures and Assembly Verification Experiment 

(SAVE) 

Follow-on Experiments 



Temperature, Pressure 
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Structures and Assembly Verification Experiment 

(SAVE) 

Follow-on Experiments 



• Additional Nodes and Struts 



SCHEDULE ASSUMPTIONS 
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SAVE 
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•Or biter integrated analysis requires 12 months 
and is complete at start of ELS flight operations. 

•Detail parts fabrication starts before CDR. 


MASTER PHASING SCHEDULE 
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PREPARED BY T.S. PP6C 






SCHEDULE CONCLUSIONS 
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SAVE 
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PCM ESTIMATING METHOD 
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Structures and Assembly Verification Experiment 

(SAVE) 

PCM Estimating Method 
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Ifttf 01 

• Ntmthei of software 
inputs and outputs 




COST SOURCE 
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Structures and Assembly Verification Experiment 

(SAVE) 

Cost Source 
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COST ESTIMATE GROUND RULES AND ASSUMPTIONS 
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SAVE 0107 
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•WBS 1.3.6 Software 
• Assume Development is Completed for: 
•WBS 1.3.1 Assembly Fixture 
•WBS 1.3.2 Truss Structure 
•WBS 1.3.3 Utility Trays 



COST SUMMARY 
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The cost and requirements for a free flyer bus to provide guidance, control and reboost were defined 
in the study. Items not addressed and requiring further definition are: weight, orbiter stowage volume, 
packaging, assembly timelines and impact on experiment program schedule. 
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Forces "Out Of Phase" - Forces Act In Opposite 

Directions At All Times 
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SINUSOIDAL RESPONSE ANALYSIS 
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SINUSOIDAL RESPONSE ANALYSIS 
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PROS FIRING RESPONSE ANALYSIS 
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SUMMARY OF PROS FIRING RESPONSE ANALYSIS 

(8 BAYS) 





261 


to 


Z Z H 

<x o <e 

OC _j 

H z => 

5 u 

U O J 
X X <r 
h- if) o 


262 


LONGERON AXIAL LOAO (10* NT> 
-VS- 

SINIILATION TINE (sec) 



Tint i sec i 




CO 


•— i 


X 


H 


Z 


M 

UJ 

H 

_J 

r) 

CD 

CD 

<1 


h 

v> * 


co a 

CO 

a <r 

*—» 

<X o 

X 

O _J 




CD 

Z 

cc Z 

•-« 

UJ *-* 
CD -J 

z x 

UJ u 
Z ID 

X 

CD 

CO 

CO U 

Ixl 

UJ X 

ct 

CD J- 

<L 

Ct 

<X Ll 

Z 

-J O 

o 



UJ U. 

J— 

X -J 

<E 

h <r 

a: 

X 

3 

z 

CD 

~ z 

M 

<x 

u. 

Cl X 

z 

UJ H 

o 

h“ 

u 

.J U 
Z) a : 

>- 

CO o 

<r 

uj z 

CD 

a: 


CO 

CD 

Z € 

H 

- X 


<r 

u 

cd a 

X 

<r <i 

H 

o 


a: -J 

a: 

UJ 

o 

I> Z 

Lu 

id r» 
u z 

CO 

z - 

uj 

<1 X 

CO 

z <r 

z 

z 

o 

X 

CL 

a ui 

CO 

H x 

U1 

-H H 

CL 

CL 


U 

UJ 

U CO 

X 

x <r 

»- 

H O 


264 


SUMMARY OF PROS FIRING RESPONSE ANALYSIS 
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PROS Firing is Possible Without Breaking Structure. 
However, Operational Constraints Should Be Required 
For Other Firing Scenarios. 




270 


o 


I- 

o 


LU 


CO 



PRECEDING PAGE BLANK NOT FILMED 


271 




272 


STRUCTURAL ASSEMBLY VERIFICATION EXPERIMENT 

( SAVE ) 






CO 

00 

o 



273 


PRECEDING PAGE BLANK NOT FILMED 


L. J. DeRYDER, LaRC SSO 

B. P. ROBERTSON, PRC KENTRON 

J. T. COLEMAN, BOEING AC 



ANALYSIS TASKS 


i2 '■*= _ qcoSIS 

iff 8 «i 5 | 

— 5-S c m a o J 

3. 8 iS .9 o> w §f 

to w a >>i: 

2 <13 x: -fi >^ 4 = -£ — 

? ^ s •« © °-.9 © ~ 

2 4-< N Q. f A -y~« f— (/) C 

v« 8 ^§ffl 8 

«>>o9o>2iC 0 
•Bi£ 0 T 3 '=^» 
mg c o cSti .9 
r c> c a°p'D^ 

^•Ss^Sa^a 
i= o "o 5=: i=£t;-cP! 
f 5 ffln,® h EOS' 


■S <5 « , 2 > 


ij 8 c g a d © >. 

glsr-aSoE^ 

B 8 §g£S 8 gt> 

•= CD 5 S 2 ° CD 

O) #a . r - r> — : rj j 


<D CO ^ .2 


g> J= .9 
p 9 e 


~ 3 w J: >»•-•- a XT? 
ll«o£'DC : =Or'r 

oD?^2a^ E ^ 

2 * : c®«s.(o c ra 
- w £ > « >s.« o|S 

“"sbo 2 ' 9 ® 51 ^ 

if ® i fi» 

w < g_ E « ® § © a a 

2aiS' € ®°" £o> 

~J 8 £ 8 “|p 8 ! 

ISSf*!**!# 

E £ a> -* a> . *5 ° a> £2 
o°Eat.^°l5aw 

OjC o > 0) g j2 
0) 5 0 h Q_ CO 3? _ c 

J 8 2 d>eco 2 ® 

oi iga Joaa®° 
|o 5 “Sl££ «« 
c/> c -^Q <5 £ p - = £ 


w C t o ^ ^ 

i •- 5 o E c 
w O) 5 r ^ Q) 

a j? ® o s ° 

»n > T 2 P 


® a c 
2 w g £ 


f JS®!§!a| 
1 * S 2 ®1 8 * * 
SS-s-sUSsI 

P CD 8 .2 Bsc 05 CD .9 

5 0 Sd 0 £^ 
5 2 S dx e a 5 
Q. t 0 7 , O t O 0 
<dQsz¥<V<DQ)jz 
w J o.E 0 a-o o 


O <0 

«E 

-8 ^ 


£*•§ g P E 3 = 


274 


ANALYSIS TASKS 



I— N 
LU £ 
CO DC 

LL LU 
Li. h- 


85 

ssi 

LU H 

5 < 

< cc 

<1 

CC Li. 


U_ fc > 
Jt DC < 

Oj“S 

o — >. 
b w t 

< £0 -J 

> < P 

DC S D 
UJ 

Q • • 


o 

H < 
2 DC 

Uj Q 
5 

w * 
co b 
uj < 
CO DC 


g ft 

p ° 
uj i_r 
u. u 


uj o 

< E« 

DC uj 2 

> oo 

< °co 
O 

UJ ^ cc 
O l-< 

coo. 

< H s 

= ^ o 
m cq 

cc 

O • 


o 2 

§g 


s g 

EE 

8 g 

O < 


m -J 

H O 
CO CC 

UJ z 

Q O 

i? 

I H 
O =i 


< 
UJ I— 
UJ CO 

cc 

LU • 


in 





275 


SPACECRAFT UTILITY BUS SYNTHESIZATION AND COST MODEL 
DETERMINATION 

• FOUR UTILITY BUS OPTIONS ASSESSED 



CONFIGURATION OPTIONS STUDY REVIEW SUMMARY 


o 


“O 

CD 


C © 
O © 
8 ® 
C“ 


“O O 
CD 

CO o 

CO ^ 

© w 
co 

© s* 

a> a. 

% - 
> -a 

pf CD 

£ .a 
ore 
c o 

CD CO 
“ CD 

c 

£2 _q 

CD — 

■H — 

CD > 

E * 

c CO 

o < 

o 

TI w 

-C o 
a *4= 

03 CO 
CD *c 
- CD 

£ a 
| 2 
03 
55 j= 

3 ° * 
O) ® H 


0 

o 

c 

2 _ 

03 O 

CL C 
CL .2 
00 CO 

— Z3 
cO 75 

.2 c 
co *t 
>* c 
■5 o 

CL c 

.b: »- 

a) o 

£ C 

?! 
TS-g 
.2 8 
tp — 

- o 

II 

5 CD 

CO CD 
C JC 

0 «- 

'■g CD 

i? 

.2>a 

1 ® 

o o 


0 m— ^ 

w a> "d — 

=j F a> ~ 
© 2 0 o 0 => 
o og fflDc 
eg > <D o aj 
q. c nj w e h 

w O _>» to ♦- <D 

3 O ° 5 5>g_ 
a ^ o c r w 

(° © -C .2 JO < 
® > O CO ffl 
*- CD 3 © © 

.£t«s>S-§ 

— C — C - 


■O 55 'P £ E E 

to w E o .2 

R w ® ° S £ 

8 « c >,2 

a*; p ® 3 > 

x •£= ^ .O CD 5 

(D 2* >% <—> *•— co __ 
„ S CD S C c to 

i_ CM o O CD 

* yr\ t) '•'*"■ (/) 


g O 

CO 
CO 


lc >s 


*a 

CD 

w ^ - E 

r: m c v 


03 


c= 

o 

a 


03 


CD 


>» 
co o 
<5 o 
2 ^ to 


o 

CD 

CL 

s 

CD 

5 

CO 

.2 


S o — CD ~ ~ ' 

8 S s N 3 

.E 8)^5® 

— CO CD S "O u 

1 »l 8 § 1 

a s s „ s « 

? £§» “° 

CO CD ^ C 

CD 5 — 

5 W •*= <n 

« Q. CO to . 

° 0 © 0 c 

o> 2 0 2 2 

loS- 55 
•| o © 

5 c C o -F 

J 50=1 


o 

03 

CL 

E 


CO 

CO 


S=?o3S, 


c 

(0 


co © 

tz .2 


c 

o 


0 
o 8 


. 2 > 
^ w 3 >, 


3 - 

03 "D 

•M — 

CO 


GO 7 = 

03 ^ 


CO 


- 03 
© •- C 

<d "E 5 

E o o ® 

lO 'O j*; CO 

-S' (0 0 V) -> in 

.Q >% 0 CQ.-Q.9 0 


S 5 .2 

— o 


® 2 S o>£ 

8 ! p 

8 ^ 2 e *8 

o to .tr c 
-2 $ c tz 

o ^ o c 

^ dPan 0 73 

■S 3 .E 3 -2 w 0 

- 18 ^ 815 '® 

co 5 CO E ^ -f-T 

- 0 o-g 


o 

_?■§ 
8 « '« 

75 ? " c o 
8 = ? | ? 
© w § 

CO JJ 

CD T3 


CM lQ CO 


a> 


03 C 


CD CO 


o © 


_ £ CO O 
H- o> 3 .2 
•*- .E 5 to 


q. ■“ ™ fi V 0 

0 0 F m 2 0 e 

g 5 | S-sS 
§ B g,dg 

° ?TJ 3 " 


0 TO 0 
ri:» 
Q _ TO 

>*-i= _i _ E 
w to >, to .2 

_ »- (Tl >- 


03 


CD 

P 


3 !? 
a ~ 


o £ 

o CD 


ur; vj — 
= (022 
3 CO to "O 


_ _ V> 

3 to 2 

O C 5 
5 CD CO 
iz c 3 
CO o o 


0) 

a> 

E 

o 

JC 


CO 

-= 03 

03 > 

"O o >5 
o ® 2 

03 

v- CO 
CD ^ 

C CD 
CD > 

O) 3 
0 ® 
j- 0 TO 

~ 5 E 

5 g to 

E o ° 
o .2 o 

*Z Q. -Q 

2 o ® 

.D) ^ 0 

c 3 

0 4=^ 

O 0 o 

to o c 
0 ©C 

X Q. © 

S - c 

0 3 -q 

E£ c 
o .2 
52- 0 Q- 

5k0 ° 

TP 0 

to c E . 
0 .E o) 

° Q..E 

C _ N 

O) 2 'to 
__ « t *- 

5-S g>| 

| 0 0 0 

03 ^ 

8.® 8 

cd £ a 


03 

c 

CD 


CL 

O 


CD 2 £ _Q 
03 ~ 

O r ^ 

5 a) c E 

co 55 o o 
CD O *43 CD 
= r (fl “ 
T3 o u, 

3 
CO 


CO 

3 


o 

03 

Q- 


t; 8.S>» 

8 * Is 

j= >P if TP 

f— 2 0 2 




CO 

CO 

CD 


— CO CO 

3 5 3 


276 



< 

e 

3 
h 
O 
3 
DC 
H 
C 0 

B 

O 

u. 

o 

Ul 

H 

O 

Ui 

_J 

Ul 

0 


O U 

§3 

c m 


co 


o 


d CD 

ii 

SrUJ 


CO 

CO 


Ul 

uj * 

s Q 

O Z 

0 < 

> o 

< F 

S 3 

CM OC 

SS“ 

s ° 

1 s 
§g 
2 ° 


CO 


E E 


O 

CO 

UJ 

CO 

CO 

Ul 

CO 

CO 

< 

CO 


>- 

< 


> 

< 

E 

»- 


E & 


< 


H 

-I 
< 
3 

a 

o S 5 

< i i 

E “ * 

*- g 

£ ^ 


u> 

O 


§ ° 
n ^ ci 


B 

I- 


O 

P 

? 

2 

E 

O 

Ul 

o 


Ul 

o 


o 


CO 

CO 

>- 


UJ 

s 

B 

o 

UL 

E 

UJ 

CL 


a 


a 

UJ 

CO gj 

Ijj Hi 


o s 


o 

co 


o 

o 

o 

z 

< 

Q 

UJ 

N 

CO 

CO 

3 

ffi 


II 


t 

< 

E 

O 

UJ 

o 

< 

a 

CO 


CO 

> 

< 

E 

H 


I- 

3 

-J 

< 

3 

a 


i- 

£ 

z 

o 

p 

< 

E 

3 

O 


o 

o 

CO 

CO 

3 

E 

I- 

o 

o 

e 

§ 


> 

< 

a 

<o Q 
T- UJ 
_ CO 

UJ _j 
<2 < 
> z 

UJ < 
E 


E 

UJ 

> 

3 

Ul 


H 

0 

O 

O 

0 

UJ 

E 


O 

E 

H 


SfS 

d E 
0 UJ 
< a. 

H 

0 0 

jjjSE 

§ * 

2 co 


0 

u 

0 

0 

0 

0 

0 

< 


o 

0 

LL 

P 

z 

0 

a 

0 


H 

0. 

o 

0 

3 

0 


< 
E 
O 
0 
o 
< 
CL 
0 0 


2 0 
-i < 


o 

U. 




I 


277 


FINAL REPORT TOPICS 


© 


O. 

© 

O T3 

5 © 

o ~ 

O c 
d) 


o 

c = © 

*£ © “§ 

.g-tou; 

8 g< 

® .2 co 

^ (0 i- 

“O © © 

Si| 

"2 ^ 

(0 r o 

-t o'— 

co S -P 


c w 

O) © 


CO 


CO 

© 

C 

© 

E 

CO 

CO 

© 

CO 

© 


© 


O © -p c 

■S £ g .2 


CD © 


CL 

O . 

c i2 
o c 
■■*= © 

2 E 

3 <0 

O 

^ a) 
c co 

O CO 
o CO 

® w 

5 O 

r o 

0 -a 

1 s 

■> 

2 

co 

CO 

E 

‘co 
*— » 
c 
o 
o 

tr 
o 

CL 
© 


© — 
W Q- 
© o 

Q- (/) 
© 2 


co 

CO 

c 

© 

E 

CD 


I 

8 

CO 

Q. 

CO 


3 w ; 

a* ^ 


CO 


CD 


S O 


CO 

o ll- 


co 


© 


CO 


■o O 
© © 
co "O 

Ik. 

© 
c 
© 
o 

© 

© 


5 k 

■a 

13 

CO 

< 


IIS 


© 

— © 
© © 
as sz 
-0 0- 
O CO 
•O £ 

>% 
-O 


CO 

JZ 


CO 


— o 

-Q CL 
© 13 


813 


© 

CL 

© 


c $0 
o © 
o © 


tr 

a 

£ 

CO 

!c 

o 

© 

c 

o 

c 

o 

*5 

© 

© 


T 3 

© 

c 

© 

© 

2 

Q- 

© 

u. 

© 


© 

E 

© 

© 

© 

© 

© 

© 

© 

c 

g 

♦3 

Q. 

o 

zz 

5 

8 

© 

Q_ 

© 

© 

© 

© 


© 

o 


278 


FINAL REPORT TOPICS 


O 




279 



CANDIDATE TRUSS CONFIGURATIONS 
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ATMOSPHERIC DENSITY PROFILE 
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ATMOSPHERIC DENSITY PROFILE 



283 


FLIGHT YEARS CONSIDERED 



ORBITAL LIFETIMES FOR VARIOUS 
TRUSS SCENARIOS 
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ORBITAL LIFETIMES FOR VARIOUS 
TRUSS SCENARIOS 
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ORBIT LIFETIME PROFILES FOR 20 BAY 
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ORBIT DECAY AS A FUNCTION OF BALLISTIC COEFFICIENT 
(500 KM INITIAL ALTITUDE) 
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Orbit decay as a function of ballistic coefficient (500 km initial altitude) 
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ORBIT DECAY AS A FUNCTION OF BALLISTIC COEFFICIENT 
(463 KM INITIAL ALTITUDE) 
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PITCH CHANNEL CONTROLLER IS DOMINANT 
REQUIREMENT WITH TIP MASS PRESENT 
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PITCH CHANNEL CONTROLLER IS DOMINANT 
REQUIREMENT WITH TIP MASS PRESENT 








LONG TERM STABILITY CHARACTERISTICS 
REQUIRE REBOOST POINTING CONTROL 
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ORBIT POSITION ORBIT POSITION 



UNDESIRABLE FLIGHT MODE STABILITY CONSIDERATIONS 
FOR REBOOST POINTING ATTITUDE CONTROL 
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ORIGINAL PAGE 13 

OF POOR QUALITY 
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FREE FLIGHT MODE CONSIDERATIONS 
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FREE FLIGHT MODE CONSIDERATIONS 
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INITIAL ATTITUDE ORIENTATION SHOULD BE VERTICAL, 
SINCE THIS IS THE GRAVITY-STABILIZED ORIENTATION 
FOR THE "I" AND "T" CONFIGURATIONS 
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TRUSS WITH UTILITY TRAYS 
& S/C BUS ANALYSIS 
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"T" TRUSS CONFIGURATION CHARACTERISTICS 
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• TRAY WEIGHT = 6300 LBS ff’X F k!$J! T 

\ PATH 



FLIGHT MODE ORIENTATION ANALYSIS 
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FLIGHT MODE ORIENTATION #1 
FACE ON 50-METER TRAY CONFIGURATION 
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FLIGHT MODE ORIENTATION #2 
ON 100-METER TRAY CONFIGURAT 







FLIGHT MODE ORIENTATION #3 
END ON 100-METER TRAY CONFIGURATION 
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FLIGHT MODE ORIENTATION #3 
END ON 50-METER TRAY CONFIGURATION 
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PHYSICAL CHARACTERISTICS 
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PHYSICAL CHARACTERISTICS 
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ORBIT DECAY ANALYSIS 
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ORBIT DECAY ANALYSIS 
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ASSUMPTION: 2 U ATMOSPHERE, APRIL 1, 1989 INITIAL OPERATION 



CONTROLLABILITY & STABILITY ANALYSIS 
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FACE ON WITH 100-METER UTILITY TRAYS 
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ANGULAR MOMENTUM REQ 
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6RAVITY GRADIENT TORQUE 
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EQUILIBRIUM STABILITY 
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where % is the orbital rate. An inspection of these equations reveals that gravity gradient torques are exerted 
in roll and pitch axis only, and that the roll and yaw equations are coupled. For pitch stability, lx > Iz. 
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• STABLE EQUILIBRIUM UNSTABLE EQUILIBRIUM 
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STABILITY ANALYSIS SUMMARY 
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150 KG/YR PROPELLANT @ ISP = 230 SEC REQUIRED 
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SAVE SPACECRAFT WEIGHT SUMMARY 
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SAVE SPACECRAFT COST SUMMARY ($K) 
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SAVE SPACECRAFT TOTAL = $41 M 




SAVE SPACECRAFT BUS OPTIONS 
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SAVE SPACECRAFT BUS OPTIONS 
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80 METER TRUSS CONFIGURATION ANALYSIS 
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PITCH SENSITIVITY DUE TO CONTINUOUS THRUST MISALIGNMENT 
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